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Baokground of the Invention 
1* Field of the Invention 

The present Invention relates to drilling fluids and, 
more particularly, to drilling fluids exhibiting good fluid 
loss oontrol and stabilization of shale formations* 
2. Description of the Baokground 

It Is known that shale Is predominantly formed of olays 
which swell and disperse when oontaoted with a water-based 
drilling fluid* This swelling and dispersion oan result In 
a phenomena known as "heaving* In whloh the borehole walls 
oan collapse. To reduoe this tendenoy of the olays In the 
shale to swell and disperse* It Is common praotloe to add 
catlonio salts to render the olays generally hydrophobic. 
However* In doing this, anionic polymers which are oommonly 
used as vlsoosiflers In drilling fluids are also rendered 
hydrophobic, thereby losing their ability to viscosify the 
drilling fluid or mud and reduoe fluid loss from the 
formation. 

It is known to use mixtures of catlonio polymers and 
high molecular weight hydroxyethyl cellulose (HBC) when 
drilling shale formations in order to stabilize the shale by 
flocculating the day and Impart visoosif ioation. However, 
prior art catlonio drilling mud systems containing HEC 
suffer from the disadvantages of higher than desired fluid 
loss and the inability to effeotively suspend uelghting 
agents, suoh as barite. at a viscosity which permits pumping 
of the fluid. 

It would therefore be desirable to have a oationlo 
polymer-based drilling fluid whioh would stabilize the 
shale, exhibit low fluid loss, vlsoosify and effeotively 
suspend weighting agents, suoh as barite. 
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Summary of the Invention 

It ia therefore an objeot of the present invention to 
provide an improved drilling fluid. 

Another objeot of the present invention is to provide a 
oationio polymer-baaed drilling fluid exhibiting low fluid 
loss. 

Still another objeot of the present invention is to 
provide oationio polymer-baaed drilling fluids whioh will 
effeotlvely suspend weighting agents , exhibit low fluid loss 
and stabilise shale formations* 

Tat another object of the present Invention is to 
provide a method of drilling a borehole using a drilling 
fluid oontaining a oationio polymer and a low molecular 
weight hydroxyethyl cellulose polymer. 

The above and other objects of the present invention 
will become apparent from the description given herein, and 
the appended olaims. 

The drilling fluid of the present invention comprises 
an aqueous medium, a water-soluble oationio polymer whioh 
will stabilise shale formations, hydroxyethyl oellulose 
having a moleoular weight of from about 3*000 to about 
40,000, and a weighting agent. Preferably, the oationio 
polymer is selected from the group consisting of (a) 
branched emulsion polymers of dlallyldimethylammonium 
ohloride having a molecular weight of at least 5,000, (b) 
dialkylamlnoalkyl acrylic ester polymers, (o) 
dlalkylaminoalkyl methaorylio ester polymers, (d) 
dialkylamlnoalkyl acrylic aoid-aorylamide copolymers, (e) 
dialkylamlnoalkyl methaorylio aoid-acrylamide copolymers, 
(f) N-(Dialkylaminoalkyl) aorylamide polymers, (g) N- 
( Dialkylamlnoalkyl) methaorylamlde polymers, (h) poly (2- 
vinyllmidaziollne). (1) poly(alkyleneamlnes) , (1) 
poly(hydroxalkylene polyamlnes) and mixtures thereof. 

In cases where the aqueous medium contains a salt of a 
multivalent oatl n, the drilling fluid will als contain a 
non-wat r-swellabl olay whioh an b add d to the drilling 
fluid prior t oommenoement of drilling or pick d up by the 
drilling fluid, in situ, during the drilling operation* 
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In the method of the present invention, the drilling 
fluid desoribed above is oiroulated in the borehole during 
the drilling operation. 
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Description "of th Pr f rr d Embodiments 
The aqueous medium used in the drilling fluid 
compositions of the present invention oan be fresh water, 
brines of monovalent cat ions , suoh as sodium ohloride 
solutions, potassium ohloride solutions, brines of 
multivalent cations, such as calcium ohloride solutions, sea 
water, etc* The nature of the aqueous medium, as seen 
hereafter, determines the composition of the drilling fluid. 

The catlonlo polymers which are useful in the 
compositions and method of the present Invention are those 
catlonlo polymers whloh will stabilize, i.e. prevent erosion 
or dispersion, shale containing water-awellable days so as 
to -prevent heaving during the drilling operation, whloh are 
substantially water-soluble, or disperslble in the aqueous 
medium, and whloh act to effectively suspend weighting 
agents, suoh as barite. The catlonlo polymers will be 
present in amounts ranging from about 0.5 to about 3 pounds 
per barrel (ppb) of the aqueous medium. Hon-limitlng 
examples of suitable catlonlo polymers inolude (a) branched 
emulsion polymers of dlallyldlmethylammonium chloride having 
a molecular weight of at least 5,000, (b) dialkylaminoalkyl 
acrylic ester polymers, (c) dialkylaminoalkyl methaorylio 
ester polymers, (d) dialkylaminoalkyl acrylic aoid- 
acrylamide copolymers, (e) dialkylaminoalkyl methaorylio 
aeid-acrylamide copolymers, (f) N-< Dialkylaminoalkyl) 
acrylamide polymers, (g) H-( Dialkylaminoalkyl) 

methaorylamide polymers, (h) poly(2-vlnyllmldazioline), (i) 
poly(alkyleneamines) , (1) poly(hydroxalkylene polyamlnes) 
and mixtures thereof* 

The dlallyldlmethylammonium ohloride polymers useful in 
the compositions and method of the present Invention can be 
homopolymers or copolymers of other monomers such as 
acrylamides. Preferably, the polymers are branched 
emulsion-type polymers whloh oan employ branching agents 
suoh as trlallylm thylaam nlum ohl rid , tetraallylammonium 

i 

ohloride as well as bia-diallylammonium salts suoh as 

tetraallylp p rizinlum ohloride and N,N,N',N'-t traallyl- 

N,N f -dimethylh xamethylen di ammonium chlorid • Th mulsion 
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poly»ers can be prepared by emulsi n r susp nsion 
polymerisation f chnique. such a. those described in U.S. 
Patent Ho. .3,968,037, and may contain from about J>5 to 
about 99.99 mole percent diallyldimathylammonium chloride 
and from about 0.01 to about 5 mole percent of one of the 
aforementioned branching agents. The branched emulsion 
polymers can have molecular weights ranging from 5,000 and 
upward, such branched emulsion polymers wherein the 
molecular wight is from about 40,000 to about 5,000,000 
being preferred. Especially preferred are homopolymers of 
dimethyldiallylammonium chloride having a molecular weight 
of from about 1,000,000 to about 5,000,000. 

Another cationic polymer especially suitable for use 
i» the compositions and method of the present invention are 
the N-(Dialkylaminoalkyl) acrylamide polymers, such as, for 
example, polymers prepared via the Hannich Reaction wherein 
a polyacryl-amide is reacted with formaldehyde and an amine 
to produce an aminomethylated poly acrylamide. Especially 
, preferred are such polyacrylamides having molecular weights 
ranging from about 40,000 to about 4,000,000. 

Another preferred type of cationic polymer for use in 
the compositions and method of the present invention are 
the dialkylaminoallcyl derivatives of a water-soluble 
copolymer formed from an ethylenically unsaturated amide 
monomer and a comonomer selected from the group consisting 
of acrylic acid, allcyl-substituted acrylic acids and 
mixtures thereof, such as, for example, the copolymer of 
acrylamide and methacrylic acid. Such polymers, which can 
have molecular weights ranging from 40,000 to 4,000,000, 
can be produced, for example, by the method described in 
U.S. Patent Mo. 3,923,756. A particularly preferred class 
of copolymers are the dialJcylaminoalXyl acrylamide- 
methacrylic acid copolymers wherein the copolymer has a 
molecular weight ranging from about 40,000 to about 
4,000,000. Especially pref rred, non-limiting examples of 
such p lymers include the dimethylaminoethyl sulfate and 
chlorides f copolymers of 
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acryl amide and methacryllo add* 

It has been found that the molecular weight of the 
particular catlonlo polymer has very little effeot on the 
polymer 9 s ability to stabilize the shale or suspend the 
5 weighting agent* Thus* as noted above 9 catlonlo polymers of 
widely varying molecular weights can be employed* 

The compositions of the present invention also employ 
hydroxyethyl cellulose as a vlscoslfier and fluid loss 
control additive* The HEC, whioh will generally be present 

10 in the compositions la amounts ranging from about 0*5 to 
about 3 pounds per barrel* preferably 0*5 to 2*5 pounds per 
barrel, of the aqueous medium, must have a moleoular weight 
ranging from about 3 #000 to about 40,000 depending upon the 
degree of visoosi float ion desired* HEC'a having higher '%> 

15 molecular weights cannot be used to form weighted muds as v|g^ 
per the compositions of the present invention* 

In cases where the drilling fluid of the present 
invention contains a salt of a multivalent cation, e.g., 
calcium chloride, sea water or the like, it is necessary, in 

20 order to achieve acceptable fluid loss control, to include a 
non-water-swellable clay* Such clays can be dispensed with 
if the aqueous medium is fresh water or contains only the 
salt of a monovalent cation, auoh as sodium ohloride* The 
non-water-swellable olaj can be added to the drilling fluid 

25 at the commencement of the drilling if the formation through 
which the drilling progresses does not contain a non-water- 
swellable clay* Alternately, the clay can be picked up, in 
situ, by the drilling fluid during the actual drilling 
operation slnoe many formations contain suoh non-water- 

30 swellable clays which form part of the drill out tings. The 
non-swellable clay will normally be present in the drilling 
fluid in amounts ranging from about 1 to about 15 pounds per 
barrel of the aqueous medium* Suitable, non-limiting 
examples of such non-water-swellable days inolude kaolin, 

35 attapulglt , a pi lit , et • 

Th compositions f th present inv ntl n also inolude 
a wat r-insolubl w ightlng agent such as barlt , although 
ther weighting agents suoh as galena, h matite and oth r 
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mineral materials may be mploy d. The weighting ag nt will 
generally be pr sent in the oomposlti ns in amounts f from 
about 1 to about 300 pounds per .barrel of the aqueous 
medium. 

The oompositons of the present invention may oontain 
other materials or additives , such as additional 
visooslflers or fluid loss oontrol additives • salts, etc to 
tailor the mud to desired needs* 

In the method of the present invention 9 the drilling 
fluid, if the formation contains a non-water-swellable olay, 
is circulated in the well bore, the non-awellable olay being 
incorporated in situ Into the drilling fluid. 
Alternatively » the drilling fluid having added non-swellable 
olay is circulated in the borehole during the drilling 
operation f this being the method utilized when the formation 
through whioh the borehole is being drilled is devoid of 
non-water-swellable olay. 

To more fully Illustrate the invention, the following 
non-limiting examples are presented. 

Example 1 

A series of drilling muds were prepared of varying 
oomposltions and tested. In all oases, unless otherwise 
Indicated in this and all the other examples, the muds were 
prepared by mixing 20 minutes on a Mult imixer* following by 
hot rolling for 16 hours at 150°F prior to testing. The 
compositions of the drilling fluids and test results are 
shown in Table 1 below. 
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As can be seen froa the data in Table 1 9 the drilling 
fluids of the present invention exhibit excellent 
rheologloal properties and fluid loss control. With 
referenoe to Mud No. 4, it oan be seen that when too much 
BBC having a higher molecular weight, e.g., 10,000, is 
present, the drilling fluid becomes unaooeptably thick. 
Indeed, it has been found that using HBC*s having molecular 
weights of several million makes it virtually impossible to 
formulate an aooeptable drilling fluid containing a water- 
Insoluble weighting agent. Although Mud Ho. 4a shows 
aooeptable rheologloal properties, it has been found that it 
shows very poor shale stability indioating the neoesslty of 
the presenoe of the bationio polymer to aohieve shale 
stability. Note that when the BBC is not present (Mud No. 
4b), there is virtually no fluid loss control. The data in 
Table 1 also demonstrates that the weighted muds oan contain 
up to 400 pounds per barrel of the weighting agent and still 
be an aooeptable drilling fluid. However, it is to be noted 
(See Mud No. 10) that the yield point of such heavily 
weighted mud is higher than would normally be desired. 

Example 2 

Several drilling fluid formulations were prepared and 
tested. The compositions of the muds and the test results 
are shown in Table 2 below. 
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Formulation 



Hud No. 1 



Mud No. 2 



10 



15 



20 



25 



Tap water, bbl 
Sea Salt, lb 
LV 214 283 B, lb 
HEC-10, lb 
HEC-QP 300, lb 
BAROID, lb 
XC Polymer, lb 
ZBOGBL, lb 

BARABRINB DBPOAM, lb 
Premix (1 bbl Tap Water 

100 lb Kaolin), bbl 
Plastio Viscosity, oP 
Yield Point, 

lb/100 sq ft 
10-seo gel, 

lb/100 sq ft 
10-min gel, 

lb/100 sq ft 
Fluid Temperature, °P 
PH 

API Pluid Loss, ml 
Mud wt, lb/gal 



0.7 
11 
1 

3.0 
300 



.2 



60 



22 



4 
74 

7.5 
50± 

14.5 



0.7 
11 
1 

3.0 

300 



15 



.2 



54 



21 



7 
74 

7.4 
6.0 
14.5 



30 



35 



This example shows that when salts of multivalent 
oat ions, such as are contained in sea salt are present, a 
non-water-swellable olay must be present in order for the 
drilling fluid to exhibit aooeptable fluid l"ss properties. 
As can be seen, when no ZE0GEL is present (Hud No. 1), there 
is Tirtually n fluid loss oontrol. Th r suits in Tabl 2 
ar t b contrasted with the r suits in Tabl 1 wherein th 
aqu ous medium contain only th salt of a monovalent cation 
(KC1) and wherein acoeptabl fluid loss contr 1 c uld be 
achieved ven in th abseno of any non-water-swellabl clay 
(s Mud Ho. 9 in Tabl 1). 
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Example 3 

A series of drilling fluids were prepared by mixing the 
ingredients for 20 minutes on a multimixer. The drilling 
fluids were then hot rolled for 16 hours at 150*F and 
tested. The compositions of the muds and the test reaylts 
are shown in Table 3 below. 
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As can be seen from the data in Table 3, drilling 
fluids made in accordance with the present invention have 
excellent rheologieal properties and exhibit good fluid loss 
control. Note that when there is no low noleoular weight 
HBC (Mud Mos. 7-10), there is essentially no fluid loss 
oontrol • 

Example *l 

To demonstrate that the drilling fluids of the present 
Invention are effeotive in stabilizing shale, a series of 
drilling fluids were prepared and compared with a 
conventional prior anionic polymer-based drilling mud 
commonly used where shale stabilisation is important. In 
testing the ability of the drilling fluids to stabilize the 
shale, Pierre shale samples weighing 15 grams and having a 
diameter between 0.08 and 0*19 inches were hot rolled at 
150*F over a six day period* The shale sample was removed 
from each drilling fluid and re-weighed periodically to 
determine the amount of erosion that was occurring. The mud 
compositions and test data are shown in Table 4 below. 
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Table 4 



Formulation 

Tap water, bbl 
KC1, lb 
KOB, lb 
.HEC-QP 300, 
B-905, lb 
Drlspao 1 , lb 
PAC-L 2 , lb 
EZ-MUD 3 , lb 

h 



lb 



WO. 1 

1 

25 
0.5 
3.0 

1 



1.5 
1.0 



1 

3 



1.5 
1 



No. 2 


Ho. 3 


No. 4 


No. 5 


1 


1 


1 


1 


25 


25 


25 


25 


0.5 


0.5 


0.5 


0.5 



Kaolin, lb 


10 


10 


5 


10 


10 


% erosion values at 










• 


various times 








* 




6 hr 


0 


0 


' 0 


1 


0 


24 hr 


9.0 


9.2 


15.5 


28.5 


15.2 


48 hr 


27.4 


29.2 


53.5 


53.6 


38.9 


72 hr 


47.0 


47.8 


73.5 


70.1 


55.2 


144 hr 


77.4 




89.3 


88.6 


78.5 



1 Trade mark of oarboxymethyl cellulose marketed by ML 
Baroid, Inc. 

Trademark of a low molecular weight oarboxymethyl 'cellulose 
marketed by NL Baroid, Inc. 
^rade mark of a partially hydrolyzed polyaorylamide 

(anionic polymer) marketed by NL Baroid. Ino. 
Trademark of a sulfonated aorylamide copolymer marketed as 
a fluid loss additive by ML Baroid, Ino. 



Mud No. 2 is a commonly used prior art anionio polymer- 
based drilling fluid used in drilling shal formations. 
While as oan be seen, Mud No. 2 shows acceptable shale 
stabilization, it cannot be effectively weighted with 
w ighting ag nts such as barlte or other generally non- 
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water-soluble weighting agents. On the other hand, Hud No. 
1 made In accordance with the present intention Is equally 
as effeotlve at shale stabilization and as shown in previous 
data can be easily weighted with barlte. As ean also be 
seen, drilling fluids whioh eontaln neither the eatlonlo 
polymer nor BBC are not effeotlve at stabilising the shale 
(see Mud No. 3 and Mud No. *). It oan also bo seen (Mud No. 
5) that unless both the eatlonlo polymer and the low 
moleoular weight BBC are present, the drilling fluids are 
not as effeotlve in stabilising the shale, even in the 
presence of an anionio polymer commonly used for shale 
stabilization. 

It oan thus be seen that the drilling fluids of the 
present invention are effeotlve at shale stabilization, 

oan be easily weighted with 
commonly used, generally water-insoluble weighting agents 
suoh as barlte. 

The foregoing dlsolosure and desorlption of the 

invention is illustrative and explanatory thereof, and 

various ohanges in the method steps may be made within the 

soope of the appended olaims without departing from the 
spirit of the invention. 
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What Is Claimed Isi 

1* A drilling fluid comprising an aqueous medium, from 
about 0*5 to about 3 pounds per barrel of said aqueous 
medium of a water-soluble oationio polymer, from about 0.5 
to about 3 pounds per barrel of said aqueous medium of 
hydroxyethyl oellulose having a moleoular weight of from 
about 3 9 000 to about 40,000, and from about 1 to about 300 
pounds per barrel of said aqueous medium of a generally 
water-insoluble weighting agent. 

2. The drilling fluid of Claim 1 wherein said eatlonlo 
polymer is seleoted from the group consisting of (a) 
branched emulsion polymers of dlallyldimethylammonium 
chloride having a moleoular weight of at least 5,000, (b) 
dialkylamlnoalkyl aoryllc ester polymers, (o) 
dialkylaminoalkyl methaorylio ester polymers, . (d) 
dialkylamlnoalkyl acryllo aoid-aorylamlde copolymers, (e) 
dialkylaminoalkyl methaorylio aoid-aorylamlde copolymers , 
(f) M-( Dialkylaminoalkyl) acrylamide polymers, (g) N- 
( Dialkylaminoalkyl) methacrylamide polymers, (h) poly (2- 
vinylimldaziollne), (1) poly(alkyleneamines), (1) 
poly(hydroxalkylene polyamines) and mixtures thereof* 

3* The drilling fluid of Claim 2 wherein said branched 
emulsion polymer has a molecular weight of from about 40,000 
to about 5,000,000* 

4* The drilling fluid of Claim 3 wherein a member 
seleoted from the group consisting of triallylmethylammonium 
chloride, tetraallylammonium chloride, 

tetraallylpiperaxinlum ohloride and N,N,N* ,N V ,-tetraallyl- 
N t N f -dime thy lhexame thy len dl ammonium ohlorld is utiliz d as 
a branching agent in forming said branched mulsion 
polym rs, said branched polymers containing from about 95 to 
about 99*99 m le perc nt diallylmethylammonium chloride and 
from ab ut 0*01 t about 5 mol p rcent of said branching 
ag nt. 
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5* The drilling fluid of Claim 1 wherein said water- 
soluble oatlonlo copolymer comprises a dlmethylaalnoalkyl 
aorylamide-methacryllo aoid copolymer. 

6* The drilling fluid of Claim 5 wherein the molecular 
weight of said dlmethylamlnoalkyl aorylamlde-methaorylio 
aoid oopolymer la from about 40,000 to about 4 9 000 9 000* 

7* The drilling fluid of Claim 1 wherein aaid weighting 
agent comprises barlte. ||J 

8* The drilling fluid of Claim 1 wherein said aqueous 
medium eontains a salt of a monovalent cation. 

9. The drilling fluid of Claim 1 wherein said aqueous 
medium oontains a salt of a multivalent oatlon and -said 
drilling fluid oontains a non-water-awellable clay* 
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10* A method of drilling an earth borehole oompriaing 
circulating in said borehole during the drilling operation a 
drilling fluid oompriaing an aqueoua medium, from about 0*5 
to about 3 pounda per barrel of said aqueoua medium of a 
water-soluble oationio polymer » from about 0.5 to about 3 
pounda per barrel of aald aqueoua mediua of hydroxyethyl 
cellulose having a molecular weight of from about 3 #000 to 
about 40,000, from about 1 to about 300 pounda per barrel of 
aald aqueoua medium of a generally water-insoluble weighting 
agent and from about 1 to about 15 pounda per barrel of aaid 
aqueoua medium of a non-water-awellable olay. 

11 • The method of Claim 10 wherein aaid oationio 
polymer la aeleoted from the group consisting of (a) 
branched emulsion polymers of diallyldimethylammonium 
chloride having a molecular weight of at least 5,000, • (b) 
dialkylamlnoalkyl acrylic ester polymers, (o) 
dialkylaminoalkyl methaorylio ester polymers, (d) 
dialkylamlnoalkyl acrylic aold-acrylamlde copolymers, (e) 
dialkylaminoalkyl methacryllo aoid-acrylamide copolymers, 
(f) N-(Dlalkylaminoalkyl) acrylamide polymers, (g) N- 
(Dlalkylaminoalkyl) methacrylamide polymers, (h) poly (2- 
vlnylimidazioline), (1) poly(alkyleneamlnes), (J) 
poly(hydroxalkylene polyamlnes) and mixtures thereof. 

12* The method of Claim 11 wherein said branched 
emulsion polymer has a molecular weight of from about 40,000 
to about 5,000,000. 

13* The method of Claim 12 wherein a member selected 
from the group consisting of triallylmethylammonium 
chloride, tetraallylammonium chloride, 

tetradllylpipcrsrlnium chloride and N,N,N' ,N f ,-tetraallyl- 
N,N 9 -dimethylhexamethylenedlmonlum chloride is utilized as a 
branching agent in forming said branched emulsion polymers, 
said branched p lymers containing from about 95 to about 
99.99 mole perc nt diallylm thylammonium chloride and from 
about 0,01 to about 5 mol p rc nt f said branching agent. 
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14. The method of Claim 13 wherein said water-soluble 
eationio polymer comprises dimethylamlnoalkyl a oryl ami do- 
me thacrylio aold copolymer, 

15* The method of Claim 14 wherein the molecular weight 
of said dimethylamlnoalkyl aorylamide-methaorylio aoid 
copolymer is from about 40,000 to about 4,000,000. 

16* The method of Claim 10 wherein said weighting agent 
comprises barite* 

17* The method of Claim 10 wherein said aqueous medium 
oontains a salt of a monovalent cation. 



